Background {#Sec1}
==========

The maximum capacity path (MCP) problem is to find a path between two vertices such that the capacity of the path is maximized, where the capacity of a path is defined as the minimum of the capacities of the arcs and vertices on this path. If waiting times at vertices are not allowable, then the capacity of a path is defined as the minimum of the capacities of the arcs. The MCP problem was introduced by Pollack ([@CR20]). He applied the cubic shortest path algorithm to solve this problem. The MCP in undirected graphs was surveyed by Hu ([@CR10]). He proposed an algorithm in $\documentclass[12pt]{minimal}
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                \begin{document}$$O(n^{2} )$$\end{document}$ time by simply taking the paths in a maximum spanning tree. We encourage the reader to study Lawler ([@CR16]), Ichimori et al. ([@CR11]), Hansen ([@CR9]), Gabow ([@CR7]), Berman and Handler ([@CR2]), Punuen ([@CR21]), Charnsethikul and Virojsailee ([@CR5]), Vassilevska et al. ([@CR23]) and Martens and Skutella ([@CR18]) for algorithms, techniques and properties of MCP in static networks. Arenas et al. ([@CR1]) studied network transport capacity, which is known to be measured by the critical value of the transport capacity at the phase transmission from free flow to congestion. Ramasco et al. ([@CR22]) surveyed optimization of transport protocols with path constraints in complex network. They proposed a protocol optimization technique that is applicable to both weighted and unweighted graphs. Some efficient routing strategies that can significantly enhance the transport capacity of network were discussed by Kawamoto and Igarashi ([@CR15]). Bisla and Singh ([@CR3]) studied maximum capacity path problem in mobile ad-hoc network, which include the multi hop transmission of path packets high dynamic topology and limited bandwidth. Gang et al. ([@CR8]) considered maximum transport capacity of network. They demonstrated that any network has a maximum transport capacity largely depending on structured properties of the network. The MCP within time constraint was studied by Nopparat ([@CR19]). Cai et al. ([@CR4]) surveyed MCP in time-varying network, where the problem parameters may change overtime.

In the literature, several algorithms were described to find MCP optimal solutions. They considered MCP problem in static network or time-varying network with real and certain parameters. In the routine life applications, there always exist uncertainty about the parameters of network flows problem. In this paper, a new algorithm is proposed for solving MCP in time-varying network by assuming that waiting times at vertices are zero. Moreover, we consider arc capacities are trapezoidal fuzzy numbers. The following advantages are obtained by using the proposed algorithm for finding the fuzzy optimal solutions:The proposed algorithm is straightforward to realize and apply.The MCP proposed algorithm in fuzzy time-varying is not applied goal and parametric programming techniques.The MCP proposed algorithm does not need to much knowledge of fuzzy logic.The proposed approach can be easily found the optimal solutions, where these solutions are trapezoidal fuzzy numbers.

We will study MCP problem, where the parameters of the network may change over time. Specifically, the transit $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{u}(i,j,t)$$\end{document}$ of the arc $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(i,j)$$\end{document}$ are functions of the departure time $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{u}(i,j,t)$$\end{document}$ is generalized trapezoidal fuzzy umber and waiting at the vertex $\documentclass[12pt]{minimal}
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                \begin{document}$$s$$\end{document}$ to the pre-specified vertex, subject to the total travel time of the path is not greater than a given time horizon $\documentclass[12pt]{minimal}
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                \begin{document}$$T$$\end{document}$.

The fuzzy basic definitions, the necessary arithmetic operations of fuzzy numbers and the time- varying network preliminaries are studied in section preliminaries. Then, two theorems are proved for solving the MCP problem and the algorithm is presented, which is worked based on theorems.

Fuzzy preliminaries {#Sec2}
===================

In this section, some fuzzy basic definitions and arithmetic operations and time-varying network flow definitions are briefly presented.

**Definition 1** {#FPar1}
----------------

(Kaufmann and Gupta [@CR12]) The characteristic function $\documentclass[12pt]{minimal}
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                \begin{document}$$X$$\end{document}$. This function can be generalized to a function $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu_{{\tilde{A}}}$$\end{document}$ such that the value assigned to the element of the universal set $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu_{{\tilde{A}}} (x):\,X \to [0,1]$$\end{document}$. The assigned value indicate the membership grade of the element in the set A. The function $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu_{{\tilde{A}}}$$\end{document}$ is called the membership function and the set $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{A} = \left\{ {\left( {x,\mu_{{\tilde{A}}} (x)} \right);x \in X} \right\}$$\end{document}$ defined by $\documentclass[12pt]{minimal}
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                \begin{document}$$x \in X$$\end{document}$ is called a fuzzy set.

**Definition 2** {#FPar2}
----------------

(Kaufmann and Gupta [@CR12]) A fuzzy set $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{A} = \left\{ {\left( {a,b,c,d} \right)\left| {a,b,c,d \in R} \right.} \right\}$$\end{document}$ defined on the universal set of real numbers $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathbb{R}}$$\end{document}$, is said to be a fuzzy number if its membership function has the following characteristics:$\documentclass[12pt]{minimal}
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                \begin{document}$$a < b < c < d$$\end{document}$.

**Definition 3** {#FPar3}
----------------

(Kaufmann and Gupta [@CR13]) A fuzzy number $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{A} = (a,b,c,d)$$\end{document}$ is said to be a trapezoidal fuzzy number if its membership function is given by:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\mu_{{\tilde{A}}} (x)\left\{ {\begin{array}{*{20}l} {\frac{(x - a)}{(b - a)};} \hfill &\quad {a \le x < b} \hfill \\ {1;} \hfill &\quad {b \le x \le c} \hfill \\ {\frac{(x - d)}{(c - d)};} \hfill &\quad {c < x \le d} \hfill \\ {1;} \hfill &\quad {otherwise} \hfill \\ \end{array} } \right.$$\end{document}$$

**Definition 4** {#FPar4}
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                \begin{document}$$\tilde{A} = \left\{ {\left( {a,b,c,d;w} \right)\left| {a,b,c,d \in R} \right.,w \in R^{ + } } \right\}$$\end{document}$ defined on the universal set of real numbers $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathbb{R}}$$\end{document}$, is said to be generalized fuzzy number if its membership function has the following characteristics:$\documentclass[12pt]{minimal}
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                \begin{document}$$\mu_{{\tilde{A}}} :\,{\mathbb{R}} \to [0,w]$$\end{document}$ is continuous.$\documentclass[12pt]{minimal}
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                \begin{document}$$\mu_{{\tilde{A}}} (x)$$\end{document}$ is strictly increasing on $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$[a,b]$$\end{document}$ and strictly decreasing on $\documentclass[12pt]{minimal}
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                \begin{document}$$[c,d]$$\end{document}$.$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu_{{\tilde{A}}} (x) = w$$\end{document}$ for all $\documentclass[12pt]{minimal}
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                \begin{document}$$0 < w \le 1$$\end{document}$.

**Definition 5** {#FPar5}
----------------
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                \begin{document}$$\tilde{A} = (a,b,c,d;w)$$\end{document}$ is said to be a generalized trapezoidal fuzzy number if its membership function is given by:$$\documentclass[12pt]{minimal}
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(Chen and Chen [@CR6]) Let $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{A}_{1} = (a_{1} ,b_{1} ,c_{1} ,d_{1} ;w_{1} )$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$$\lambda \tilde{A}_{1} = \left\{ {\begin{array}{*{20}l} {(\lambda a_{1} ,\lambda b_{1} ,\lambda c_{1} ,\lambda d_{1} ;w_{1} );\quad \lambda > 0} \hfill \\ {(\lambda d_{1} ,\lambda c_{1} ,\lambda b_{1} ,\lambda a_{1} ;w_{1} );\quad \lambda < 0} \hfill \\ \end{array} } \right.$$\end{document}$$

The ranking function is applied to compare fuzzy numbers. They can be defined as follows:

**Definition 7** {#FPar7}
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Main results {#Sec4}
============

Time-varying MCP problem with fuzzy capacities {#Sec5}
----------------------------------------------
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The following algorithm can find the optimal solution of problem. In the first, the values of $\documentclass[12pt]{minimal}
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Results {#Sec6}
=======

*Example 1* {#FPar17}
-----------
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The following table shows the optimal solutions for Example 2.
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Conclusion {#Sec7}
==========

In this paper, we concentrated on time-varying maximum capacity path with zero waiting times. We considered the capacity of arcs are fuzzy numbers. The aim of the problem was to find an optimal path from source vertex to target vertex so that the capacity of this path is maximized subject to the time of path is at most T, where T is a given integer. We proved two theorems, presented an algorithm for solving the problem and given two numerical examples.
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